Abstract -Multiple remote tower operations are one concept for more cost efficient air traffic control at smaller airports. One air traffic controller (ATCO) should control traffic at two or more airports at the same time. Multiple remote tower operations for two small airports has already been successfully been validated by LFV, the Swedish air navigation service provider. As monitoring and visual observation is an important task of tower controllers, this concept raises questions on how to best support human performance when it should be applied in high traffic environments. A high fidelity study with 16 ATCOs investigated into the influence of multiple remote operations on visual attention and monitoring performance. The study was set up with high traffic volumes putting a maximum workload on the ATCO for a whole simulation run. Empirical results of eye movement measures are presented. Whilst in general visual attention distribution was not affected, less relevant events were monitored, because the visual attention was distributed over the two airports. In order to mitigate these effects, two workplace design approaches are presented -information integration and attention guidance. Advantages and challenges of the two approaches are discussed, with a focus on the impact of the design concepts on the working methods of air traffic controllers.
The multiple remote tower concept is the next step. Multiple remote tower control aims at enabling one air traffic controller (ATCO) to control simultaneous traffic at two or more airports at the same time. The advantage of the concept is that ATCOs workforce is used in a more flexible manner.
While the concept has proven to be feasible for two small airports already, the concept raises questions on how to best support human performance when the concept should be applied in high traffic environments. A major bottleneck is seen in the allocation of visual attention of the ATCO for monitoring the traffic at multiple airports. In 2010, a first study already addressed the feasibility of controlling two airports in parallel, with a special focus on the visual attention of the ATCOs, the workplace design, and its influence on the control task [2] . First results indicate that there is not a general limitation in the human's cognition that eliminates the concept. Nevertheless, a simple thought experiment would lead to the result that the probability to detect information is halved if the number of displays is doubled that an ATCO has to monitor.
It is likely that monitoring is influenced by the multiple concept but it is unclear, to which extent and how the influence can be mitigated. The motivation of this work is to understand, in which way new design concepts can help to enable a new concept like multiple remote tower. There are several parameters that could be adjusted to make multiple remote tower feasible. For instance, mechanisms of the traffic flowmanagement could be used to ensure that there is limited parallel traffic at the airports controlled by a single ATCO. Procedures at these airports could be adopted, to avoid unforeseen traffic peaks and thus minimize peaks in the ATCOs taskload. We see significant potential in the parameter workplace design. Therefore, this paper is focusing on the environment in which the ATCO is performing air traffic control tasks.
II. BACKGROUND & THEORY

A. Characteristics of Cognitive Tasks of Tower Air Traffic
Controllers Air Traffic Controllers are responsible for the safety and efficiency of the air traffic. According to the different phases of a flight, there are different working profiles of air traffic controllers. At an airport, tower air traffic controllers manage the arrivals and departures to ensure safe landings, take-offs and taxiing on ground. Their main task is to create a safe and efficient traffic flow. Therefore, the monitoring of traffic, especially on the runway and within the control zone is an important safety mechanism. Thus, observation and visual attention resources of the controller are crucial parameters for the ATCOs working positon. Up to now, the ATCOs heavily depend on visual observation conducted through the windows of the airport tower (out of the tower view, OTW).
The empirical data reported in this paper was generated within the framework of SESAR 06.08.04. About SESAR & SESAR JU: As the technological pillar of the Single European Sky initiative, SESAR aims to modernise and harmonise air traffic management in Europe. The SESAR Joint Undertaking (SESAR JU) was established in 2007 as a public-private partnership to support this endeavour. It does so by pooling the knowledge and resources of the entire ATM community in order to define, research, develop and validate innovative technological and operational solutions. The SESAR JU is also responsible for the execution of the European ATM Master Plan. Founded by the European Union and Eurocontrol, the SESAR JU has 19 members, who together with their partners and affiliate associations will represent over 100 companies working in Europe and beyond. The SESAR JU also works closely with staff associations, regulators, airport operators and the scientific community. Find out more: www.sesarju.eu Air traffic control is a complex, and mainly cognitive task, so perception of information, processing of information and decision making are important sub-tasks. In their task and job analysis of the different air traffic controller working position, Dittmann and colleagues defined a set of basic cognitive processes, describing the ATCO task. These are: managing routine traffic, issuing instructions, managing requests, solving conflicts, taking over position, monitoring, updating the mental picture, searching conflicts, general information processing and switching attention [3] . The cognitive processes monitoring, updating the mental picture and switching attention are of special interest in this paper and will be described in detail in the following chapters. We begin by describing an ATCO workplace.
Besides the OTW, the workplace of an ATCO consists of multiple sources of information, presented via displays that need to be monitored, checked and integrated into the mental picture. According to results of a controller survey, the six most important sources of information are (in descending order) radio communication, OTW, approach radar, direct communication with colleagues (elbow coordination), the flight strips and ground radio [4] . In this paper we focus on OTW, approach radar and flight strips, because their information is presented visually within the workplace.
The approach radar shows the position, height and speed of aircraft, as well as secondary data. The flight strips are used to keep track of the instructions given to pilots, to preplan the traffic and to support the mental traffic picture. The information sources radio communication, approach radar and OTW are used as three independent information sources, e.g. to verify the position of an aircraft. The OTW is further used to check the status of the runway and is the primary visual information source. The following section, thus, is focusing in detail on the role and importance of the monitoring task and the OTW.
B. Monitoring tasks of ATCOs and the mental picture
Results of an analysis of critical situations experienced by tower controllers show that in most situations the OTW provided the relevant information used for decision making. Especially, abnormalities were discovered and anticipated by information from the OTW, and the information of the OTW was used to compose and verify the mental traffic picture [4] . ATCOs are supposed to build a "mental traffic picture" of the traffic to anticipate the traffic development and take according actions to guarantee a safe and efficient traffic flow [5] . Controllers characterize their working style, when they "have the mental picture" as working ahead of the traffic. In contrast, when they lose the picture, the working style is characterized as starting to "swim" and to "work behind" the traffic.
A conceptual idea and visualization of the mental traffic picture in the tower domain is given by Möhlenbrink et al. [6] , which emphasizes the high pace of events and triggers at the airport environment that force ATCOs to reorganize their plan and strategies for handling the traffic. As a consequence, it can be stated that ATCOs should always be able to detect any deviation from their preplanned mental picture as quick as possible to reorganize their plan for handling the traffic. The OTW can provide crucial triggers and ATCOs should monitor the OTW as often as possible. This is especially valid for the smaller airports, with no sensor equipment like A-SMGCS or ground radar and a higher rate of traffic following visual flight rules (VFR).
Research confirms the importance of the OTW for the monitoring task of ATCOs. Research on visual aspects of tower operations analyzed the perceived importance of visual observation for different flight phases under responsibility of the tower ATCO [7] . Even though the results indicate that not all decisions are solely based on visual observation, the OTW provides cues that the ATCOs indirectly use for their decision making. These findings were confirmed by the results of a high-fidelity simulation study. The eye-gaze profiles of participants indicated that the most often used information sources (for visual information) were the "out-of-the tower view", followed by the approach radar and the flight strips. [8] 
C. Basics and Theories for developing Design Concepts
Tower controllers monitor multiple visual information sources. The OTW is a rich information source for the detection of unexpected events that influence the preplanned traffic flow. The decision, where to locate attention to, also described as switching of attention, is therefore an important cognitive process. Especially, the theories and concepts relevant for control of visual attention in a multiple remote tower environment are pointed out in the following sections.
1) Visual attention in the multiple remote tower task
In the cognitive theory, visual attention is one part of the human information processing scheme. For instance, Wickens defines visual attention as a cognitive resource that is limited and that can be consciously allocated to certain processes, where it is needed [9] . The characteristics of visual attention relate strongly to the physiological parameters of the human eye. Visual attention is likely correlated with saccadic eye movement. In visual search tasks, the point the operator is fixating on a display relates to the focus of visual attention. Furthermore, there is an area around the center of a fixation, which is used for information extraction [9] . Following, the focus of the eye gaze is interpreted as the focus of the attention. Information in the focal view is consciously processed. Additionally, information in the peripheral view can also be perceived, processed and used for decisions in case it is sufficiently salient. The combined area of foveal and peripheral is also described as the primary visual area of a workplace, where information can be accessed without additional head movements.
As a design guideline, the most relevant information should be in this primary visual area. Already now, the layout of the conventional tower controller working position, and the size of all the displays required, does not allow to place all relevant information into the primary visual area. Based on this, the ATCO can't monitor all information sources at the same time but has to sequentially allocate visual attention to the most relevant information sources. The relevance of information is dependent on the task and the situation, which makes a decision on a certain design more complex.
2) Head-Up and Head-Down times
One potential problem of allocation of visual attention and its operational impact can be summarized as the "head-up" and "head-down" problematic. Head-down times of ATCOs at an airport relate to those times, the ATCO is not looking outside the window but on any other display [10] . The monitoring of the OTW at the remote tower working position thus is described as working "head-up". From an operational point of view, the head-down times should be minimized, because the tower ATCO is expected to react as quickly as possible to any unforeseen event. These unforeseen events are most likely to be detected by visual surveillance, looking either outside the tower windows or on a panorama video presentation.
Head-Down times occur when the ATCO uses the preprocessed, high-quality, focused information of assistance tools, for instance the flight strips, approach radar or the map. In modern towers at more frequented airports, head-down times may occur through the use of management tools, e.g. a departure manager or other information systems representing the status of the airport.
3) Guidance of attention -bottom up vs. top-down
As explained, switching the attention to the different information sources is a mechanism to not oversee an important event. Within the cognitive theory, two mechanisms for the guidance of visual attention are distinguished -bottomup and top-down processes. The terms of bottom and top refer to hierarchical models of human information processing in the brain, from a stimulus to brain areas and centers that are involved in certain cognitive tasks. The term bottom-up refers to lower levels of stimulus, for instance on basis of signals on the eye nerve. Top-Down refers to the idea that higher centers and functions are involved, like "understanding" and "sensemaking" [9] .
Top-Down can be described as the visual attention is guided by expectations. Top down guidance of attention is conducted via interpretation of stimulus, knowledge gained through experience and thus expectations, what is going to happen where. For instance, because of the knowledge that an aircraft has reported being on the final, the ATCO expects to see the landing lights in the according area of the OTW. Thus, the visual attention was guided by top-down processes. Furthermore, the knowledge that aircraft do switch their landing lights on leads to the expectation that the ATCO watches out for a bright light.
Bottom-Up guidance occurs by lower level stimulus like contrast, acuity and size of a target. For instance, the flashing light of the fire brigade catches the attention due to large differences in contrast, which is seen as a blinking. A rapidly moving object causes a bottom-up stimulus and is also likely to gain visual attention.
In search tasks the visual attention is typically driven by top-down processes, and occasionally by salient bottom-up processes [9] . For the air traffic control domain, Kallus et al. created cognitive profiles of the different air-traffic controller positions. They found out that typically tower controller subtask are both bottom-up and top-down driven. But for the sub process searching and solving conflicts, the tower control is more bottom-up driven compared to the approach and enroute domain [3] .
III. RESEARCH QUESTION
By implementing a multiple remote tower, ATCO's workforce can be used in a more flexible manner.
The concept raises questions on how to best support human performance when the concept should be applied in high traffic environments. A major bottleneck is the visual attention of ATCOs for monitoring the traffic at the two airports. As an example, it is a normative behavior that the controller should monitor an aircraft during the take-off and landing phase to detect any hazardous events as early as possible.
It is of interest to understand, in how far the monitoring performance of the ATCO is influenced by introducing the multiple remote tower concept. More precisely, it is of interest whether the ATCO is able to monitor as many take-off and landings as when working on a conventional tower.
As a strong influence of the concept on visual attention is expected, the second research question is, by which new design approaches the impact of the multiple remote tower concept can be mitigated, based on the results of the empirical results.
IV. METHOD
Within the framework of SESAR 6.8.4, Deutsche Flugsicherung (DFS) and German Aerospace Center (DLR) jointly conducted an initial study of the influence of multiple remote tower (MRT) control on human performance, capacity and safety. The exercise was executed in October 2013 at the DLR TowerLab in Braunschweig.
The study was conducted using a high-fidelity simulator setup, simulating a 180° degree panoramic outside tower view (OTW, cf. Fig. 1 ) of Braunschweig (EDVE) and Erfurt (EDDE) airport. Three different experimental conditions were realized in a within-subject experimental design, which randomized the sequence in order to control for learning effects. An experimental multiple remote tower set-up was used for a multiple baseline (MuBa) and a multiple advanced (MuAd) condition. In the multiple baseline condition, the OTW of EDVE was arranged as a row of displays above the OTW of EDDE. Furthermore, approach radar and a pan-tilt zoom (PTZ) camera for each airport, electronic flight strips and a coupled radio frequency were available. Weather data were integrated into the according displays of the OTW. Via the radio display, telephone calls could be activated and it was used for an online workload survey. In the MuAd condition, the additional features aircraft label augmentation in the OTW and automatic PTZ tracking were incorporated.
For the third experimental condition (SiBa), an additional experimental single remote tower set-up was used, with the same information sources but OTW and instruments only for airport EDVE. The displays of the multiple controller working position are shown in Fig. 2 .
A. Experimental Design & Procedure
A 3-factor design with the within-subject factor work environment (single baseline SiBa, multiple baseline MuBa, multiple advanced MuAd) was completed. The traffic scenarios varied in positioning and timing of arriving and departing aircraft. The order in which ATCOs completed the conditions was randomized. Prior to the experimental traffic scenarios, ATCOs completed a training session with the work environment, the provided technical equipment and the multiple remote tower work environment. For each day, two ATCOs were invited. ATCOs completed sessions of 1 hour on 2 succeeding days. The first day started with a briefing, followed by the training (about 30 min). ATCOs completed the scenarios in parallel, one controlling traffic for the single remote tower, the other for the multiple remote tower. Only for the multiple baseline condition the ATCOs completed their scenarios sequential. A half-structured interview was used to get ATCOs feedback for specific traffic situations that occurred during each scenario. On the second day, a final questionnaire was used followed by a final debriefing and a feedback session.
B. Traffic Scenario
In all three experimental conditions, ATCOs handled the same amount of traffic, including simultaneous take-off and landings. From an operation perspective, the requirement for the traffic scenario was a traffic load of constantly six aircraft at any time for the one hour simulation scenarios. In the SiBa scenario at airport EDVE, 6 aircraft were on the radio frequency at all times. In the two multiple conditions, the six aircraft were distributed onto the two airports EDVE and EDDE, so overall the traffic the ATCO had to control was the same as in the SiBa condition. The traffic was a mixture of VFR and IFR traffic. In one hour simulation time, there were on average 21 take-off and landing events with additional VFR crossing traffic. The scenarios for the different conditions were comparable in traffic load, but different call signs were realized. Each controller completed three scenarios (baseline, multiple, multiple advanced). Half of the sample was assigned to the 5:1 traffic distribution, the other half to the 3:3 traffic distribution.
C. Independent Variables & Data Analysis
This paper focusses on visual attention of ATCOs during take-off and touch-down events of aircraft. Eye data were recorded with the head-mounted eye tracking system iView-X [11] combined with an optical head tracker [12] . The DLR Software Eye Tracking Analyser was used for eye-data processing. The tool allows for the analysis for defined Areas of Interest (AoI) within the simulation environment and for event-related eye data analysis [13] . First, quality metrics for the eye data were calculated. TABLE I. depicts that 14 out of 16 eye-data sets were available for each condition (total n=42). In addition, for each eye data set a validity metric was calculated referring to the percentage of eye data unequal to zero or minus one.
Following, from the raw data fixations with a minimum duration of 100 milliseconds were calculated. Furthermore, fixations were used to calculate dwell times. Fig. 3 shows an exemplary heatmap visualization of the dwell time for one run. The specified sources of information are the out the window view (OTW), radar (RADAR), radio (RADIO), electronic flight strips (STRIPES), clock (UTC) and weather information (WEATHER). The invalid eye data was removed from the analysis and therefore each condition sums up to 100%.
Simulation Logfiles provided occurrence and timestamps of touchdown and take-off events for each simulation run. These events were used to select the eye data for the event-based analysis. Timestamps of the simulator and the eye-tracking software were synchronized. 
RESULTS
The results are structured into a general description of the visual attention distribution at the workplaces, and the analysis of the monitoring performance during take-off and touchdown events. The visual attention distribution analyses the eye movement behavior throughout the complete one hour simulation run, thus incorporating a variety of traffic situations and tasks. The monitoring performance focusses in detail on take-off and touchdown events. It analyses visual attention in specific traffic situations for which the importance of AoI is known.
A. General visual attention distribution
The general visual attention distribution can be described as the eye movement behavior throughout the complete run for the different experimental conditions. The results for all runs, separated for conditions, are visualized in Fig. 4 . The information source with the largest share of visual attention is STRIPES with more than 40% dwell times in all three conditions. The OTW and RADAR both gained more than 20% dwell times; so in all conditions more than 90% of visual attention was distributed to these three information sources. In each condition, WEATHER, UTC and the RADIO (used for telephone calls and an online workload survey), were attended with dwell times of 3% and less.
Inferential analysis was conducted. Only for the AoI RADAR a significant effect could be identified (F(2,28)=5,105; p=.012). The post-hoc analysis shows that the significant difference is between SiBa and MuAd, with a significant lower dwell time on the RADAR in MuAd condition compared to SiBa. The analysis further shows that for the other sources of information the working condition has no significant effect. The next step for analyzing the monitoring performance was to separately analyze the distribution over the two airports EDVE and EDDE. The AoIs OTW, RADAR, and STRIPES were now further differentiated. Fig. 5 shows the result of this analysis. As a consequence of the multiple workplaces, the number of sources of information is increased. Of course, this leads to a wider distribution of eye movement across the different AoIs, which can be seen in the dwell time profiles of condition MuBa and MuAd. The visual attention for OTW, RADAR and STRIPS is divided onto the two airports. Summarizing, the different types of information sources are used equally frequent comparing single and multiple workplaces. The overall distribution of visual attention is not affected by the multiple concept, so the importance and relevance of the information sources seems to be unaffected. The change between the different workplaces is the number of sources of information that are available to the ATCOs. The visual attention is therefore shared between more AoIs. 
B. Monitoring performance of take-off and touchdowns
As described above, according to the normative rules, the visual attention during take-off and touch-down of aircraft should be on the OTW. These events are crucial to the ATCO task and therefore were selected to determine the monitoring performance. An event-based eye-data analysis was completed to answer the question for distribution of visual attention during touchdown and take-offs. The analysis used actual landing and actual takeoff timestamps from the simulator logfiles and the eye data measured within a 30 second time interval around the event [-15 sec, event, +15 sec].
An event is rated as monitored, if the ATCOs spent at least one fixation within that time interval at the OTW of the airport where the event happened. Within the one hour traffic scenarios, there were on average 21 take-off and touchdown events (with additional VFR traffic). In all conditions, some events were not monitored by the ATCOs, but with a different rate. In the SiBa condition on average 98%, in MuBa 92% and in MuAd 89% of all events were monitored, see Fig. 6 .
A repeated measurement analysis of variance with the factor condition (SiBa, MuBa, MuAd) revealed a significant, and rather large effect of the working condition on the monitoring performance F(2,24)=8,77; p=.001; ² = 0.42. The post-hoc analysis showed that in both multiple conditions significantly less events were monitored compared to the SiBa. There was no significant difference in the monitoring performance between the multiple baseline and advanced condition. It should be noted that ATCOs worked in a simulation environment and tested the concept for the first time.
As the results show, less take-off and touchdown events were monitored, whilst the overall distribution of visual attention could not show a significant difference but for the AoI RADAR. Therefore, additionally the distribution of visual attention is analyzed for the time interval around the event [-15 sec, event, +15 sec] in order to determine, where ATCOs spent visual attention during a take-off and touchdown event. Takeoff and touchdown will be analyzed separately. Also, only the take-off and touch-down events that are performed on EDVE are considered. 
C. Visual Attention during take-off and touchdown events
According to the above explained analysis, dwell times were calculated for the visual attention during a take-off and a touchdown event at airport EDVE. It is expected that within this time frame most visual attention is on the OTW of EDVE. Fig. 7 shows the eye movement dwell time percentages for each AoIs for the take-off events, divided by the conditions. As in the SiBa condition only the airport EDVE was controlled, dwell times are zero for the AoIs at airport EDDE. In all conditions, most visual attention was spent on the flight strips in EDVE, followed by the OTW of EDVE. The visual attention profile of the SiBa condition serves as the reference. There, the dwell time on the OTW_EDVE was 32%, in MuBa 20% and in MuAd 24%. In both multiple conditions, 8% dwell times were on the OTW-EDDE. TABLE II. shows the results for the F-test performed for each AoI to identify significant differences between the conditions. These could be found for the OTW (F(2,44)=3.82; p < 0.05) and radar of EDVE (F(2,44)=17.8; p < 0.001).
In the multiple conditions, there was less visual attention on the OTW and radar of EDVE during a takeoff at EDVE, compared to SiBa. In the multiple conditions, the visual attention is distributed between both airports even when a takeoff is acquiring it on only one airport. Keeping in mind that the multiple remote conditions have additional AoIs (OTW_EDDE, RADAR_EDDE, and STRIPES_EDDE), the results show no significant differences for the AoI RADIO, STRIPES_EDVE, UTC and WEATHER. For the touch-down analysis the same procedure was used as for the take-off event. Fig. 8 shows the eye movement dwell time percentages for each AoI in each experimental condition. As in the SiBa condition only the airport EDVE was controlled, dwell times are zero for the AoIs at airport EDDE.
The overall attention distribution is similar to the take-off events, with the maximum for the flight strips in EDVE, followed by the OTW in EDVE. The mean dwell time for the OTW_EDVE in the SiBa condition was 34 %, compared to 24% in MuAd and 23% in MuBa. 8% dwell times were on OTW_EDDE in MuAd, and 10% in the MuBa condition.
As for take-off, only the F-test comparing OTW_EDVE (F(2,43)=6.59; p<0.005) and RADAR_EDVE (F(2,43)=24.01; p<0.001) showed significant differences. In both cases the eye movement on the AoIs was significant higher in the SiBa condition than MuBa and MuAd.
No other AoI showed a significant difference comparing the visual attention. Similar to the take-off event, the visual attention in the multiple remote tower conditions is distributed between both airports even while a touch-down event is acquiring it on only one airport. Nevertheless, visual attention split on the OTW was in favor for the airport with the event.
For both tasks, about 8 % of the visual attention that is spent on the OTW of EDVE in the single condition is spent on other AoI, for instance on the OTW of the second airport EDDE.
As the relevance of information sources is situated and task dependent, the expectation was that the visual attention profile for touchdown and take-off events at one airport is similar, independent from the condition. Instead of monitoring only the events on EDVE the participants in the multiple remote tower conditions spend visual attention on all available AoIs. Nevertheless, this analysis cannot fully explain in detail why ATCOs spent visual attention at the other airport. This behavior needs to be considered for the design of Controller working positions.
With regard to monitoring performance and visual attention during remote tower operations the analysis show that the general attention profile is comparable, but the monitoring of certain events is different between the experimental conditions. Especially the monitoring performance analysis could show that during take-off and touchdowns the ATCOs attended less to the AoIs that should have highest priority according to the normative models, whilst working multiple. In some cases, these events were not monitored at all. The monitoring performance at a multiple workplace is not comparable to the performance at a single airport tower workplace Furthermore, the assistance introduced in the MuBa condition did not affected the visual attention significantly. Therefor new concepts to mitigate these effects are needed for the multiple remote tower workplace for high traffic volumes. 
II. DESIGN CONCEPTS FOR MULTIPLE REMOTE TOWER
OPERATIONS
During a workshop that was conducted with ATCOs after the experiment, the monitoring performance results were discussed. It became clear that ATCOs have good heuristics to schedule their tasks and thus to estimate the relevance of the different information sources. For instance, on a single airport the runway is a bottleneck resource, so there is always only one landing or take-off event. Furthermore, a landing or departing aircraft is always the most important event and prioritized in the task schedule. Thus, ATCOs know where to look at.
Working two independent airports at the same time is a completely new situation for all ATCOs. The above mentioned statements emphasize that controllers heuristics to schedule their tasks and attention in an optimal manner can be improved whilst controlling two airports at the same time. This section develops two design concepts that are directly derived from the above result section. The following two design concepts for multiple remote tower aim to mitigate the observed changed overall visual attention and the monitoring behavior in a multiple remote tower environment.
A. Attention control and attention guidance
The first design concept to mitigate the influence of multiple remote tower on the monitoring performance is based on the mechanisms of guiding the attention of air traffic controllers to relevant areas. It seems promising; especially during a transition phase for ATCOs, to provide assistance via attention guidance to the ATCOs, where to direct the visual attention to. As explained before, visual attention in search tasks is mainly guided by top-down processes, namely experience and expectations.
The multiple remote tower workplace needs to be enhanced to analyze several input data and to interpret those data as traffic situations. For instance, input of the ATCO in the strip marking system can be used to identify a landing and takeoff event as it is usual that the ATCO gives the clearances some seconds in advance. A normative model predicts the according Areas of Interest; the ATCO should pay attention to. In this example it would be the runway. The normative behavior is compared with the actual behavior. Therefore, the eye gaze position of ATCOs needs to be captured and evaluated in realtime. This approach has been demonstrated by Mankse [14] in a tower simulator environment.
In case the runway wasn't monitored, e.g. no fixations could be identified, the ATCOs attention is guided to the area. In Manske's approach, this guidance could be conducted either by an additional display indicating compliance or noncompliance with the expected behavior [14] . As pointed out above, an additional display the ATCO has to monitor is not desirable in the multiple remote tower environment. In order to trigger the top-down processes, e.g. in the flight strip display the according strip with the landing could be highlighted e.g. in red, if the runway has not been monitored. The ATCO than is reminded of the up-to-come landing event. Another design approach can make use of the bottom-up guidance of attention by introducing a highly salient signal with a reference to the airport with the landing event, so the ATCOs attention is captured and drawn to the according displays. There are different realizations possible; e.g. a box around the area of the runway could be drawn, and additionally could blink. Furthermore, because the visual attention is the bottleneck and highly utilized, other modalities could be used. For instance, an acoustic signal could be given or vibro-tactile feedback [15] , indicating the alarm and the position of the alarm (which airport) to the ATCO.
B. Integration of information into external view
The second design concept to mitigate the influence on monitoring behavior is called "Head-up Only". Considering the different areas with specific information, this concept has the goal to integrate the same information on several different positions. The main focus of the concept is to present all necessary information into the OTW of EDDE and EDVE. The concept is an enhancement of the experimental condition "Multiple Advanced". Even so the tested set-up could not prove a benefit regarding the monitoring performance of ATCOs, the concept itself is still rated as promising.
The Head-up Only concept is duplicating the information onto positions within the workplace. As a main direction of duplication the integration of radar and stripe information into the external view was selected. This should lead to a reduction of importance for all displays that force the ATCOs to take down their heads. The expected influence of the concept on the monitoring performance during remote tower operations is not a reduction of sources of information, but a general increase of visual attention spent on the OTW view for each airport. The benefit of augmenting relevant information into the primary information source of the ATCO is that he can access the relevant information without deviating the focus of attention too long from the OTW view. Even though is foveal attention is on the other information, changes within the OTW view can be detected by the peripheral attention.
The radar screen information can be brought into the OTW view by using bounding boxes showing the position of the aircrafts within the control zone. The stripes information can be made available to by adding labels to the bounding boxes that present additional information (e.g. call sign, speed, height) and allow the same interaction as electronic airstrips (e.g. current flight phase, clearance given). The idea of integrating label information into the OTW was already demonstrated in the Multiple Advanced condition of the empirical study of this paper, by the ART project (Reference) and is also investigated as an assistance system for the tower environment [16] .
Given the example implementation the integration of the Head-up Only concept has to be performed carefully to reduce the effects of information cluttering [17] that might occur if the amount of traffic increases. As the empirical results presented above show, furthermore relevant information and interaction means need to be selected for the "Head-up Only" concept in order to provide a benefit.
Due to the theoretical state of both concepts, it is not possible to verify the technical feasibility at the moment. Since the multiple remote tower workplace only presents digital information the position and way of presentation should be easily adaptable to both concept. The aspect of presenting augments information within the OTW view should be fairly simple in comparison to presenting this information's on the window of a real tower.
C. Feedback of operational expert
Both concepts aim at preventing situations in a multiple remote tower environment, where a touchdown or a takeoff event is not monitored by the ATCO. Whilst there are many possible concepts, the acceptance of assistance systems by the users is crucial for their success. Therefore, an operational expert (former Air Traffic Controller) was asked to evaluate the two design concepts.
The integration of information into the OTW view was rated as the more suitable solution; especially to prevent the high head-down times. The advantage of the concept is that the ATCO is able to work the task in his/her own pace and manner and the assistance system is not interrupting the workflow. In the attention guidance concept, the ATCO should be forced to monitor the runway without having knowledge of the other tasks, s/he has to do. It could be critical to draw attention, e.g. from the radar or the strips, because it might be possible that visual attention is also important at that time at that information source. As the ATCO constantly needs to update the mental traffic picture, it needs to be ensured that this process is not disturbed by attention guidance concepts.
Nevertheless, the integration of flight strip information into the OTW should also consider the planning functionality of the flight strips and their importance for the mental traffic picture, e.g. information about the sequence of aircraft should be visualized. Furthermore, it should be able to handle nonstandard situations that are likely to happen at a smaller airport with VFR traffic. Last, but not least, only the highly relevant information should be integrated to reduce the chance of information cluttering.
III. CONCLUSION AND DISCUSSION
Multiple remote control is a concept to enable air navigation service providers, to handle traffic at smaller airports in an efficient and economical way. Whilst the concept yields significant potential for progress in the tower control domain, it raises challenges regarding the design of the workplace to enable the human operator to deliver the best performance possible. The importance of the monitoring task for the tower controller work is pointed out and brought into perspective with theories of visual attention and factors influencing it.
Therefore, this paper investigated into the visual attention of ATCOs at a multiple remote tower workplace whilst working a high traffic scenario with simultaneous traffic at two airports. A high-fidelity simulation with the three different experimental conditions single baseline, multiple baseline and multiple advanced was conducted.
Empirical data from eye gaze measurement was used to determine the influence of a multiple remote tower working position on the general distribution of visual attention and at the monitoring performance for take-off and touchdown events.
In general, the information sources were attended with similar frequencies in the single baseline and both multiple conditions. Less take-off and touchdown events were monitored whilst working multiple. Visual attention was on information sources of both airports during take-off and touchdown events that took place at one airport, leading to overall less monitoring of the touchdown or landing. Whilst working multiple, the probability is increased that such event is not as closely monitored, as the normative behavior suggests.
Independent of the experimental condition, rather high head-down times have been observed in this exercise. This is an indicator that the results were gained under high task load of the controllers. Furthermore, the results point out that the importance of a source of information is not necessarily characterized by the overall dwell time of visual attention.
Two different approaches to mitigate the effects of the multiple remote tower concepts onto visual attention were developed to increase the probability that the ATCO monitors a touchdown and take-off event. First, via real-time assessment of eye gaze behavior and the identification of traffic situations, the ATCO can be reminded of a touch-down and takeoff event in case s/he doesn't monitor it. Secondly, relevant information, traditionally presented head-down, is duplicated and augmented into the OTW view. Thus, the ATCO can assess this information whilst working head-up. Through the peripheral field of view, abnormalities can be perceived and detected.
From an operational point of view, the first solution might be too intrusive into the workflow of the ATCO and thus receive fewer acceptances. The second approach was rated by an operational expert as more promising. But it also raises some questions that need further consideration and empirical research. Especially, there is an immanent hazard to create information clutter and event to cover relevant information with the additional information. Furthermore, to provide a benefit, the information needs to be relevant to the ATCO. In the multiple advanced condition additional label information was presented next to the aircraft into the OTW, but no improvement of the monitoring performance was evident in the data. Further research should sharpen these two concepts and investigate their influence on monitoring behavior.
The concept of multiple remote tower will develop over the next years, driven by the need of the air navigation service providers. These developments should consider results and approaches as presented in this paper, to develop solutions that have an operational benefit and allow the ATCO to deliver a high quality control service, thus enabling multiple remote tower operations.
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